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citric acid Multiphasic 52.3 0.094 (0.003) 6.2 (0.6) 0.195 (0.003) 54.2 (3.2) 1.00 
hexanoic acid Multiphasic 45.5 0.050 (0.004) 16.6 (2.4) 0.712 (0.150) 912.1 (109.1) 1.00 
1-hexanol Multiphasic 89.1 0.037 (0.003) 6.9 (2.8) 0.218 (0.004) 243.8 (19.7) 1.00 
glyceraldehyde Multiphasic 22.9 0.096 (0.010) 11.4 (1.5) 0.410 (0.021) 80.3 (8.7) 1.00 
D-ribose Biphasic ND 0.001 (7.1e-5) 0.3 (0.1) 0.004 (2.2e-4) 97.7 (11.5) 0.97 
D-mannose Multiphasic 20.7 0.024 (0.001) 2.6 (0.4) 0.151 (0.001) 157.1 (15.1) 1.00 
L-leucine Biphasic ND 0.035 (0.001) 0.6 (0.2) 0.203 (0.015) 368.3 (57.1) 0.97 
L-lysine Diffusive ND 0.096 (0.003) 3.7 (0.6) ND KD = 0.0003 0.97 
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4.2.2	Constraint-based	modeling	FBA	and	several	related	approaches	were	employed	in	this	manuscript.	In	the	dynamic	state,	FBA	seeks	to	maximize	or	minimize	a	metabolic	function,	such	as	biomass	growth	or	ATP	dissipation,	subject	to	constraints	on	fluxes:					 Minimize:	 	Subject	to:	 	 	 	 	 	 (1)	
		where	c	is	a	vector	of	coefficients	of	length	n	identifying	the	objective	reaction	in	the	flux	vector	v	of	length	n.	S	is	the	stoichiometric	matrix	of	metabolites	and	reactions	of	dimension	m	x	n,	b	is	a	vector	of	exchange	fluxes	of	length	n,	and	X	is	a	vector	of	metabolite	concentrations	of	length	m.	In	the	steady	state,	the	problem	is	restated	by:			 	 	 	 	 	 (2)			implying	that	there	is	no	net	accumulation	or	depletion	of	any	metabolite	pools.	The	optimization	package	Mosek	(Mosek	ApS,	Denmark)	was	used	to	find	the	primal	solution	of	the	linear	programming	(LP)	problem.	Elemental	flux	sums	(Φi)	were	calculated	using	the	elemental	matrix	E,	constructed	for	hydrogen,	carbon,	nitrogen,	oxygen,	phosphorus,	and	sulfur	from	metabolite	molecular	formulas:			
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	 	 	 	 (3)		
4.2.3	Shadow	Prices		Sensitivity	analyses	were	based	on	so-called	Shadow	Prices	of	the	dual	solution	to	the	LP	problem	according	to:			
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Table	4.1	-	Crude	biomass	composition	and	growth	sensitivity	(Ψ)	of	iJC568.	DW	–	ash	free	dry	weight.		Component	 Composition	(%	of	Total	DW)	 Ψ		(%	of	Total)	DNA	 1.2	 <1	RNA	 4.7	 2	Protein	 58.1	 41	Lipid	 11.5	 35	Pigments	 3.8	 5	Cell	Wall	 5.0	 5	Carbohydrate	 2.9	 7	Free	nucleic	acids	 <0.1	 <1	Free	amino	acids	 2.1	 <1	BioPool	 2.9	 3	Mineral	and	Trace	metals	 2.4	 <1		
	 156	
Table	4.2	-	Summary	of	iJC568	properties.	Complexed	-	subunit	encoding	genes;	Blocked	-	reactions	associated	with	dead-end	metabolites;	Orphaned	-	reactions	not	connected	to	the	network;	Gap	filled	-	metabolic	reactions	with	no	annotated	gene;	Transport	-	including	diffusive	reactions	and	porins;	Exchange	-	boundary	transport	used	for	modeling.		 Genes	 	 568	 		 Complexed	 302	 53%	Reactions	 	 794	 		 Blocked	 23	 3%		 Orphaned	 3	 <1%		 Gap	filled	 60	 8%		 Reversible	 329	 42%		 Transport	 63	 8%		 Exchange	 79	 10%	Metabolites	 	 	 		 Unique	 597	 88%								
	 157	
Figure	4.1	-	Diel	simulation.	Comparison	of	calculated	net	and	gross	primary	production	against	short-term	[14C]-bicarbonate	primary	production	measurements	reported	by	(26).	The	light	profile	followed	a	gradual	increase	from	darkness	to	a	peak	irradiance	of	232	μmol	photons	m-2	s-1	which	was	held	constant	for	four	hours,	followed	by	a	gradual	decrease	to	darkness.		
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